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OBJECTIVES: The six-minute wall< test has been widely used to evaluate functional capacity and predict mortality in 
several populations. Thus, the aim of this study was to evaluate the prognostic value of the six-minute walk test for 
the life expectancy of end-stage renal disease patients. 

METHODS: Patients over 18 years old who underwent hemodialysis for at least six months were included. Patients 
with hemodynamic instability, smoking, chronic obstructive pulmonary disease, physical incapacity and acute 
myocardial stroke in the preceding three months were excluded. 

RESULTS: Fifty-two patients (54% males; 35+11 years old) were followed for 144 months. The distance walked in 
the six-minute walk test was a survival predictor for end-stage renal disease patients. In the multivariate analysis, for 
each 100 meters walked with a 100-meter increment, the hazard ratio was 0.53, with a 95% confidence interval of 
0.37-0.74. There was a positive correlation between the distance walked in the six-minute walk test and peak 
oxygen consumption (r = 0.508). In the multivariate analysis, each year of dialysis treatment represented a 10% 
increase in death probability; in the severity index analysis, each point on the scale represented an 11% increase in 
the death risk. 

CONCLUSIONS: We observed that survival increased approximately 5% for every 100 meters walked in the six- 
minute walk test, demonstrating that the test is a viable option for evaluating the functional capacity in patients 
with end-stage renal disease. 
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INTRODUCTION 

Chronic kidney disease (CKD) has become a serious 
health problem due to its prevalence, high cost, and the 
subsequent reductions in life expectancy and quality of life 
(1). Cardiovascular disease is the main cause of death in 
end-stage renal disease (ESRD) patients, as observed in the 
Hypertension Detection and Follow-up Program (2) and the 
British Regional Heart Study (3). This result is because these 
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patients show reduced functional capacity, exercise toler- 
ance, resistance and muscle strength compared with 
patients with conservatively treated CKD (4). 

The peak oxygen consumption (VO2 peak) measurement, 
the most used parameter for evaluating functional capacity, 
was identified as a strong survival predictor in ESRD (3). In 
addition, the six-minute walk test (6MWT) has proved to be 
an excellent tool for functional capacity evaluation and has 
been widely used in patients with chronic diseases (5-9). 
This method has demonstrated prognostic value in pul- 
monary hypertension patients (10) and has been considered 
to be a predictor of mortality in patients with heart failure 
(HF) (6,11). The 6MWT is a sub-maximum effort test that is 
more representative of daily life activities than other effort 
tests (12) and has low cost and easy applicability (13,14). The 
distance walked in the 6MWT shows an association with the 
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VO2 peak, making it a viable and safe alternative for 
patients who cannot tolerate the ergometric test (11,15,16), 
and may also be used as a parameter to evaluate different 
therapeutic interventions (17). 

The 6MWT has been used to evaluate the functional 
capacity of CKD patients (11,18). However, its value as a 
mortality predictor has not yet been investigated in this 
population. Thus, the aim of this work was to evaluate the 
prognostic value of the 6MWT in ESRD patients. 

MATERIALS AND METHODS 

Research design 

This was a prospective cohort study performed with 
patients selected by convenience who underwent a regular 
hemodialysis program between March 1996 and January 
2009 at Santa Lucia Renal Clinic, Cruz Alta/Rio Grande do 
Sul (RS) State - Brazil. The ethical and legal aspects of the 
project were approved by the Ethics Committee on Research 
of the Institute of Cardiology of Rio Grande do Sul/ 
University Foundation of Cardiology (n° 4286/09). 

Inclusion and exclusion criteria 

The study included patients over 18 years old who were 
undergoing hemodialysis treatment for at least six months 
and optimized clinical treatment for at least three months 
with a complete clinical data record available from a routine 
database service. Subjects who had exhibited uncontrolled 
hypertension, recent ischemic heart disease (no more than 
three months ago), unstable angina, severe cardiac arrhyth- 
mias, skeletal disease limiting physical activity and several 
respiratory and neurological diseases were excluded from 
the study. 

Study variables 

Variables of functional capacity (distance walked in 
6MWT, the ergospirometric test and the ESRD-SI) were 
measured at the time the subjects were admitted to the 
study in March and April of 1996. The 6MWT was 
performed during an inter-dialysis period in a 30 m long 
corridor that was demarcated at every meter, and the 
patients were assisted by a trained physiotherapist and a 
nurse. 

The ergospirometry test was also performed in the inter- 
dialysis period during the same week as the 6MWT on an 
ergometric treadmill (Imbramed Ltd., Brazil) according to 
the criteria of the American Heart Association (19) and the 
National Consensus on Ergometry (20). The Bruce Modified 
Protocol (21,22) and the Ergo-PC13 system (Micromed 
Biotecnologia Ltd., USA) were used. The analysis of the 
respiratory gases was recorded via the Teem 100 (Aerosport 
Ind., USA) metabolic system, which evaluates oxygen 
consumption (VO2). Electrocardiographic effort monitoring 
occurred with three derivations for recording the ST follow 
up. At the end of each stage, blood pressure was measured 
with the BORG scale (23). 

The ESRD-SI indicates morphologic disease and physio- 
logic disturbance rates, measuring the impact of the process 
on the patient's functional and psychological capacity (24). 

The patient clinical and demographic characteristics, 
including cardiovascular disease risk factors, hemodialysis 
time, transplant and death date, were semiarmually 
updated by consulting the database service, the patients 
and/or family members. Mortality data were updated using 



patient charts, family members or information obtained 
from consulting public registries about patient deaths. 
Patient charts were reviewed by two independent investi- 
gators. Blood examinations and biochemical analyses were 
performed monthly at the hemodialysis unit, and their 
results were collected from a routine database. 

Follow up 

Patients were followed up monthly by a hemodialysis 
service team and the researchers, who collected data 
regarding laboratory exams, clinical condition and morbid- 
ity. Transplants performed or transfers to another city were 
updated during the follow-up period, and they were 
considered as a census in the survival analysis. The patients 
selected for the study underwent hemodialysis regularly 
with three sessions per week, with each session lasting 
approximately four hours. Data were collected until January 
2009. 

Statistical analysis 

Continuous variables are expressed as averages and 
standard deviations, and categorical variables are expressed 
in percentages with the 95% confidence interval (CI). Student's 
t test and the Mann-Whitney U test were used when appro- 
priate for continuous variables. Categorical variables were 
compared using the chi-square test. The Pearson correlation 
coefficient was used to correlate the variables. Predictor 
variables (ESRD-SI, 6MWT, age, dialysis time and VO2 peak) 
and mortality were evaluated for associations using the Cox 
univariate and multivariate models. Variables that were found 
to be statistically significant in the univariate and multiva- 
riate analyses were used for the model. Data with an alpha 
error of 5% (p<0.05) were considered to be significant. 

RESULTS 

The sample characteristics are shown in Table 1. Of 89 
patients initially selected for the study, 16.8% (n = 15) were 
excluded due to decompensated ischemic cardiopathy, and 
an additional 24.7% (n = 22) were excluded because they 
moved to another county and/or refused to continue 
undergoing the periodic functional evaluations. A total of 
52 patients (Figure 1) were followed up: 21 patients died, 
representing a survival index of 59.6%. During the 12-year 
follow-up period, 23.1% of the sample underwent a 
transplant. Systolic blood pressure was approximately 
20 mmHg higher in patients who survived (p = 0.01). The 
use of calcium antagonists was approximately 50% higher in 
patients (p = 0.037) who died [RR: 2.03; 95% confidence 
interval (95% CI): 0.99 - 4.18]. Other biochemical and 
pharmacological variables did not differ between the 
patients who died or survived (Table 1). 

Regarding the relationship between hemodialysis time 
and mortality, the univariate and multivariate analyses 
indicated a 10% increase in death risk for each year on 
hemodialysis, with an odds ratio (OR) of 1.01 and a 95% CI 
between 1.00-1.02 (Tables 2 and 3). 

The End-Stage Renal Disease Severity Index (ESRD-SI) 
was higher in patients who survived until the end of the 
study (p = 0.002). In the univariate analysis, the ESRD-SI 
presented an OR of 1.15, with a 95% CI of 1.08-1.23 (Table 2). 
These results were similar to the multivariate analysis, in 
which a one-point increase in the score led to an 11% 
increase in the death risk (Table 3). 
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Table 1 - Clinic and biochemical characteristics of patients stratified by life expectancy and death. 
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^11 — 3 1/ 


n-\/ali 10 
u V cii uc 


Age (years) 


36±11 


33.8±12 


38±10 


0.185 


Male (%) 


54 


28.6 


71 


0.002* 


BMI (kg/m^) 


22±4 


22.4±3.4 


22 + 4 


0.518 


HD time (months) 


110 + 59.3 


92.3 ±49 


140±58.1 


0.168 


Transplant (%) 


23.1 


52.4 


3.2 




SEP (mmHg) 


157.6±26.6 


146.2±23.2 


165.4 ±29 


0.01* 


DBP (mmHg) 


96 + 19.3 


91.7±17 


99 ±20 


0.193 


ESRD-SI 


7.5 + 5.5 


5±4 


9.3 ±6 


0.002* 


Urea (mg/dL) 


146.5±38 


145.0±36.6 


147.4±40 


0.845 


Creatinine (mg/dL) 


9.4±1.3 


9.3±1.5 


9.4±1.3 


0.424 


Calcium (mg/dL) 


8.6±1.1 


9.1+2.5 


9.6±4 


0.656 


Phosphorus (mg/dL) 


6±2.2 


5.4±1.7 


6±2 


0.282 


HT (%) 


26.5±5.1 


26.1 ±5 


27 ±5.4 


0.435 


HG (g/dL) 


8.6 + 1 


8.6±0.6 


8.7±0.5 


0.649 


HBsAg + (Elisa) (%) 


5.7 


4.7 


9.6 


0.568 


HCV + (EIE) (%) 


13.4 


4.7 


19.3 


0.149 


Digitalis (%) 


46 


57 


42 


0.212 


Nitrates (%) 


5.7 


0 


9.6 


0.155 


Beta-adrenergics (%) 


11.5 


5 


16 


0.233 


Adrenergic central action (%) 


17.3 


14.3 


16 


0.914 


Calcium antagonists {%) 


36.5 


52.4 


26 


0.037* 


6MWT (meters) 


517.1 ±144 


477.3±119 


525±121.5 


0.168 


VO2 peak (obtained) (mL/kg'Vmin ') 


20.1 ± 8 


21.6±7.5 


19.2±8 


0.270 


VO2 peak (expected) (mL/kg'Vmin'^) 


34.2 ±8# 


39±7 


31.3±7 


0.001* 



Values are presented as the mean ± standard deviation. HD, hemodialysis; ESRD-SI, End-Stage Renal Disease Severity Index; 6MWT, six-minute walk test; 
BMI, body mass index; VO2 peak, peak oxygen consumption; SBP, systolic blood pressure; DBP, diastolic blood pressure; HT, hematocrit; HG, hemoglobin; 
HBsAg, hepatitis B surface antigen; HCV, hepatitis C antibodies; *p<0.05; #p<0.001. 



The VO2 peak was approximately 50% lower (p<0.001) 
than the predicted values for age and gender (Table 1). No 
difference was observed in the VO2 peak among patients 
who survived and those who died. The VO2 peak did not 
differ significantly (univariate and multivariate analyses) 
after adjusting for the confoimding factors, with the OR for 
death equal to 1.04 (95% CI: 0.97-1.13) in the multivariate 
analysis (Tables 2 and 3). An association was observed 
between the distance walked in the 6MWT and the VO2 
peak (Figure 2). 

The stratification of distance walked in the 6MWT in 100- 
meter intervals showed that the OR for death was 0.79 (95% 
CI: 0.62-1.01) in the unadjusted analysis and 0.53 (95% CI: 
0.37-0.74) in the adjusted analysis (Tables 2 and 3). 
Additionally, for every 100 meters walked, there was a 
correction factor of approximately 5.3%. 

DISCUSSION 

The main findings in our study demonstrate that dialysis 
time, ESRD-SI and the distance walked in the 6MWT are 
independent predictors for mortality in ESRD patients. For 
every 100 meters walked, a protection factor of approxi- 
mately 5.3% occurs in relation to life expectancy, and the 
6MWT is also associated with the VO2 peak. 

Our study demonstrated that the association between 
ESRD-SI and life expectancy increases in patients: for each 
point obtained in the ESRD score, there is an 11% increase in 
death risk. These findings elevate this scale as an indepen- 
dent predictor of mortality. We believe that this test is an 
effective measure to evaluate and predict the quality of 
assistance given to a patient, and it is also useful for 
investigating renal disease progression (25). A trend similar 
to the ESRD-SI was observed for dialysis time, and a 10% 



increase in death probability was verified for every year the 
patient remained under treatment. 

End-stage renal disease patients show high rates of 
hospital admissions and mortality (11). Cardiac complica- 
tions cause over 50% of deaths and induce low tolerance to 
exercise, which consequently compromises the performance 
of daily activities (26). In this population, it is important to 
practice physical exercise (aerobic or anaerobic) both 
between and during dialysis sessions because it reduces 
the deleterious effects of this condition (27). In part, these 
alterations occur due to low functional capacity resulting 
from uremic syndrome and a high sedentary index (3). The 
reduction of functional capacity evaluated by the 6MWT 
was observed in several studies of patients with pulmonary 
hypertension and HE (6,28), demonstrating the prognostic 
and predictive value of the 6MWT for mortality (6,11,18). 
Our study demonstrates that the distance walked in the 
6MWT is also an independent mortality factor in end-stage 
renal disease patients. 

The VO2 peak value and the distance walked in the 
6MWT have been noted as strong independent predictors of 
mortality in HE (29) patients. Sietsema et al. (3), analyzing 
the VO2 peak and life expectancy in ESRD patients, stated 
that values less than 17.5 mL/kg"^/min"^ are strong mor- 
tality predictors. ESRD patients demonstrate an approxi- 
mately 64% VO2 peak reduction compared with age- 
matched control subjects (30). These results are similar to 
the VO2 values obtained in our study, which were 50% 
below the expected values. 

The gold standard for functional capacity evaluation is 
the VO2 peak, which is evaluated by the ergospirometric test 
(31). However, this method requires a trained team and 
specialized equipment, involves high cost and is not always 
tolerated by terminal renal insufficiency patients, limiting 
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Total number of patients 
under dialysis 150 



89 patients wereinitially 
sdected for the stuify. 



52 patients nade up the 
Study san|)le 



61 patients were excluded due to 
motor incapad^ or refusal to 
perform the the esgospirometric 
test and/or the 6MWT. 



37 patients were excluded due to 
the presence of decompensated 
ischemic cardiopath^r (15) or not 
accomparyingthe fdlowup. 



Figure 1 - Flowchart of the patients allocated in the study. 



its large-scale use in this population (26,32). Our results 
demonstrate that the 6MWT presents a moderate correlation 
with the VO2 peak obtained in this evaluation. In clinical 
experiments carried out with HF patients (NYHA class: 11 
and III) who were followed for a 6-month period, functional 
capacity, measured by the ergospirometric test, showed a 
moderate correlation with the distance walked in the 6MWT 
and the life expectancy of these patients (33). It is important 
to note that Gayda et al. (15), Guyatt et al. (34), and Lipkin 
et al. (16) suggest a strong correlation between these 
variables in cardiac patients. Our group previously showed 
a moderate correlation between the distance walked and the 
VO2 peak in patients with ESRD (35). However, it is also 
important to highlight that there are no papers in the 
literature establishing the prognostic value of the 6MWT in 
these patients. 

Anemia is an important complication in ESRD patients 
and is associated with disease severity (36,37). In our study, 
all of the patients with anemia were treated in accordance 
with Diretrizes Brasileiras de Doenga Renal Cronica (38). 
Moreover, the hematocrit and hemoglobin values were 
similar between "death" and "life expectancy", suggesting 
that this variable did not influence our results. 

Thus, our results suggest that the 6MWT can be 
recommended as a viable, low-cost, easy-to-apply and 



Table 2 - Cox univariate analysis stratified per 100 meters. 



Variables 


OR 


95% CI HR 


p-value 


6MWT 


0.79 


0.62 - 1.01 


0.064 


Age 


1.03 


0.99 - 1.07 


0.090 


ESRD-SI 


1.15 


1.08 - 1.23 


0.000* 


HD time 


1.01 


1.00 - 1.02 


0.003* 


VO2 peak 


0.96 


0.91 - 1.01 


0.122 



OR, odds ratio; 6MWT, six-minute walk test stratified per 100 meters; 
ESRD-SI, End-Stage Renal Disease Severity Index; HD, hemodialysis; V02 
peak, peak oxygen consumption; CI, confidence interval; HR, hazard ratio; 
*p<0.05. 



highly accurate alternative for the determination of the 
functional capacity of ESRD patients. 

In the analysis of the distance walked during the 6MWT 
with 100-meter increments, our findings show that the 
shorter the distance walked, the greater the probability of 
death in terminal renal insufficiency patients. A similar 
result was found by Rostagno et al. (39) when evaluating a 
series of HF patients. Thus, performing physical activities 
would improve the functional capacity and, consequently, 
the distance walked, constituting a protection factor for 
these types of patients (32). Due to the great prevalence of 
comorbidities, any physical activity prescribed must follow 
the principle of specificity and account for the functional 
capacity of the patients to avoid adversely affecting their 
health status (13). Based on our study, the distance obtained 
in the 6MWT may be considered as a reliable alternative to 
elaborate commimity rehabilitation programs for ESRD 
patients and a method of evaluating the physical capacities 
of these patients. The latter recommendation has already 
been adopted for the management of patients with HF (40). 

This study is potentially limited by the sample size, which 
was reduced due to the difficulty of adherence of the 
subjects to the proposed evaluations and the loss of patients 
during the follow-up period. Another limitation is the 



Table 3 - Cox multivariate analysis stratified by 100-meter 
increments. 



Variables 


OR 


95% CI HR 


p-value 


6MWT 


0.53 


0.37 - 0.74 


0.000* 


Age 


1.28 


1.16 - 1.41 


0.000* 


ESRD-SI 


1.01 


1.00 - 1.02 


0.001* 


HD time 


1 


0.94- 1.03 


0.651 


VO2 peak 


1.04 


0.97 - 1.13 


0.259 



OR, odds ratio; 6MWT-100, distance walked in six-minute walk test 
stratified by 100 meters; ESRD-SI, End-Stage Renal Disease Severity Index; 
HD, hemodialysis; VO2 peak, peak oxygen consumption; CI, confidence 
interval; HR, hazard ratio; *p<0.05. 
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Figure 2 - Correlation between the six-minute walk test and peak 
oxygen consumption. 

possibility that only a single measure of distance walked in 
the 6MWT may not accurately represent the real functional 
capacity of the individuals. However, in patients with 
chronic renal insufficiency, a previous study (41) showed 
only a 3.7% increase in the distance walked when the test 
was repeated after 48 h. Additionally, it was not possible to 
determine the cause of death of some patients because the 
registries presented the cause of death simply as HF, which 
renders it difficult to analyze the data. 

In conclusion, the distance walked in the 6MWT, 
hemodialysis time and ESRD-SI were predictors of the life 
expectancy of ESRD patients. The 6MWT is an accessible 
tool for determining functional capacity that is reliable and 
easy to apply. Furthermore, it may be used as a strategy to 
identify the progression and aggravation of the disease and, 
consequently, the death risk in terminal renal insufficiency 
patients. Therefore, its incorporation into clinical practice 
and the follow up of patients with chronic nephropathy in 
hemodialysis programs is recommended. 

ACKNOWLEDGMENTS 

The study was financially supported in part by Conselho Nacional de 
Desenvolvimento Cientifico e Tecnologico (CNPq) and Coordenagao de 
Aperfeigoamento de Pessoal de Nivel Superior (CAPES). 

AUTHOR CONTRIBUTIONS 

Kohl LM and Signori LU designed the study, analyzed the data and wrote 
the paper. Plentz RDM designed the study, analyzed the data, wrote the 
paper and had primary responsibility for the final content. Silva AMV and 
Lukrafka TJ analyzed the data. Ribeiro RA analyzed the data and wrote 
the paper. Moreira PR wrote the paper. All the authors conducted the 
research, read and approved the final manuscript. 

REFERENCES 

1. Brosnahan G, Fraer M. Chronic kidney disease: whom to screen and how 
to treat, part 1: definition, epidemiology, and laboratory testing. South 
Med J. 2010;103(2):140-6, http://dx.doi.org/10.1097/SMJ.0b013e3181 
C99438. 

2. Riley M, McParland J, Stanford CF, Nicholls DP. Oxygen consumption 
during corridor walk testing in chronic cardiac failure. Eur Heart J. 
1992;13(6):789-93. 

3. Sietsema KE, Amato A, Adler SG, Brass EP. Exercise capacity as a 
predictor of survival among ambulatory patients with end-stage renal 
disease. Kidney Int. 2004;65(2):719-24, http://dx.doi.org/10.1111/i.l523- 
1755.2004.00411.x. 



4. Mclntyre CW, Selby NM, Sigrist M, Pearce LE, Mercer TH, Naish PF. 
Patients receiving maintenance dialysis have more severe functionally 
significant skeletal muscle wasting than patients with dialysis-indepen- 
dent chronic kidney disease. Nephrol Dial Transplant. 2006;21{8):2210-6, 
http://dx.doi.org/10.1093/ndt/gfl064. 

5. NSW. NSW clinical service framework for heart failure. Available from: 
http://www.health.nsw.gov.aU/pubs/c/pdf/clinical_heartfail_summ_ 
a4.pdf. 

6. Rubim VS, Drumond Neto C, Romeo JL, Montera MW. [Prognostic value 
of the Six-Minute Walk Test in heart failurel. Arq Bras Cardiol. 
2006;86(2):120-5. 

7. Guimaraes GV, Carvalho VO, Bocchi EA. Reproducibility of the self- 
controlled six-minute walking test in heart failure patients. Clinics. 
2008;63(2):201-6. 

8. Guimaraes GV, D'Avila V, Bocchi EA, Carvalho VO. Norepinephrine 
remains increased in the six-minute walking test after heart transplanta- 
tion. Clinics. 2010;65(6):587-91, http://dx.doi.org/10.1590/S1807- 
59322010000600005. 

9. Regueiro EM, Di Lorenzo VA, Basso RP, Pessoa BV, Jamami M, Costa D. 
Relationship of BODE Index to functional tests in chronic obstructive 
pulmonary disease. Clinics. 2009;64(10):983-8, http://dx.doi.org/ 
10.1590/S1807-59322009001000008. 

10. Miyamoto S, Nagaya N, Satoh T, Kyotani S, Sakamaki F, Fujita M, et al. 
Clinical correlates and prognostic significance of six-minute walk test in 
patients with primary pulmonary hypertension. Comparison with 
cardiopulmonary exercise testing. Am J Respir Crit Care Med. 
2000;161(2 Pt l):487-92. 

11. Painter P. Physical functioning in end-stage renal disease patients: 
update 2005. Hemodial h\t. 2005;9(3):218-35, http://dx.doi.org/10.llll/ 
j.l492-7535.2005.01136.x. 

12. Du H, Newton PJ, Salamonson Y, Carrieri-Kohlman VL, Davidson PM. A 
review of the six-minute walk test: its implication as a self-administered 
assessment tool. Eur J Cardiovasc Nurs. 2009;8{l):2-8, http://dx.doi.org/ 
10.1016/j.eicnurse.2008.07.001. 

13. Savci S, Inal-Ince D, Arikan H, Guclu-Gunduz A, Cetisli-Korkmaz N, 
Armutlu K, et al. Six-minute walk distance as a measure of fimctional 
exercise capacity in multiple sclerosis. Disabil Rehabil. 2005 
30;27(22): 1365-71, http://dx.doi.org/10.1080/09638280500164479. 

14. Bittner V, Weiner DH, Yusuf S, Rogers WJ, Mclntyre KM, Bangdiwala SI, 
et al. Prediction of mortality and morbidity with a 6-minute walk test in 
patients with left ventricular dysfunction. SOLVD Investigators. JAMA. 
1993;270{14):1702-7, http://dx.doi.org/10.1001/iama.1993.035101400 
62030. 

15. Gayda M, Temfemo A, Choquet D, Ahmaidi S. Cardiorespiratory 
requirements and reproducibility of the six-minute walk test in elderly 
patients with coronary artery disease. Arch Phys Med Rehabil. 
2004;85(9):1538-43, http://dx.doi.Org/10.1016/j.apmr.2003.ll.037. 

16. Lipkin DP, Scriven AJ, Crake T, Poole-Wilson PA. Six minute walking 
test for assessing exercise capacity in chronic heart failure. Br Med J (Clin 
Res Ed). 1986;292(6521):653-5, http://dx.doi.org/10.1136/bmj.292.6521. 
653. 

17. Olsson LG, Swedberg K, Clark AL, Witte KK, Cleland JG. Six minute 
corridor walk test as an outcome measure for the assessment of 
treatment in randomized, blinded intervention trials of chronic heart 
failure: a systematic review. Eur Heart J. 2005;26( 8): 778-93, http:// 
dx.doi.org/10.1093/eurheartj/ehil62. 

18. Hsieh RL, Lee WC, Chang CH. Maximal cardiovascular fitness and its 
correlates in ambulatory hemodialysis patients. Am J Kidney Dis. 
2006;48(l):21-7, http://dx.doi.Org/10.1053/j.ajkd.2006.03.081. 

19. Pina IL, Balady GJ, Hanson P, Labovitz AJ, Madonna DW, Myers J. 
Guidelines for clinical exercise testing laboratories. A statement for 
healthcare professionals from the Committee on Exercise and Cardiac 
Rehabilitation, American Heart Association. Circulation. 1995;9 1(3): 912-21. 

20. [National Consensus on Ergometry. Department of Ergometry and 
Cardiovascular Rehabilitation of the Brazilian Cardiology Society]. Arq 
Bras Cardiol. 1995;65(2):189-211. 

21. Bruce RA. Evaluation of functional capacity and exercise tolerance of 
cardiac patients. Mod Concepts Cardiovasc Dis. 1956;25(4):321-6. 

22. Ross DL, Grabeau GM, Smith S, Seymour M, Knierim N, Pitetti KH. 
Efficacy of exercise for end-stage renal disease patients immediately 
following high-efficiency hemodialysis: a pilot study. Am J Nephrol. 
1989;9(5):376-83, http://dx.doi.org/10.1159/000167999. 

23. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports 
Exerc. 1982;14(5):377-81. 

24. Craven J, Littlefield C, Rodin G, Murray M. The Endstage Renal Disease 
Severity Index (ESRD-SI). Psychol Med. 1991;21(l):237-43, http:// 
dx.doi.org/10.1017/S0033291700014823. 

25. Green J, Wintfeld N, Sharkey P, Passman LJ. The importance of severity 
of illness in assessing hospital mortality. JAMA. 1990;263(2):241-6, 
http://dx.doi.org/10.1001/jama.1990.03440020075036. 

26. Painter P, Moore G, Carlson L, Paul S, Myll J, Phillips W, et al. Effects of 
exercise training plus normalization of hematocrit on exercise capacity 
and health-related quality of life. Am J Kidney Dis. 2002;39(2):257-65, 
http://dx.doi.org/ 10.1053 /ajkd. 2002. 30544. 



585 



Prognostic value of 6MWT in ESRD 
Kohl LM et al. 

27. Kong CH, Tattersall JE, Greenwood RN, Farrington K. The effect of exercise 
during haemodialysis on solute removal. Nephrol Dial Transplant. 
1999;14(12):2927-31, http://dx.doi.org/10.1093/ndt/14.12.2927. 

28. Arslan S, Erol MK, Gundogdu F, Sevimli S, Aksakal E, Senocak H, et al. 
Prognostic value of 6-minute walk test in stable outpatients with heart 
failure. Tex Heart Inst J. 2007;34(2):166-9. 

29. Pulz C, Diniz RV, Alves AN, Tebexreni AS, Carvalho AC, de Paola AA, 
et al. Incremental shuttle and six -minute walking tests in the assessment 
of functional capacity in chronic heart failure. Can J Cardiol. 
2008;24(2):131-5, http://dx.doi.org/10.1016/S0828-282X(08)70569-5. 

30. Painter P, Messer-Rehak D, Hanson P, Zimmerman SW, Glass NR. 
Exercise capacity in hemodialysis, CARD, and renal transplant patients. 
Nephron. 1986;42(1):47-51, http://dx.doi.org/10.1159/000183632. 

31. McGavin CR, Gupta SP, McHardy GJ. Twelve-minute walking test for 
assessing disability in chronic bronchitis. Br Med J. 1976;l(6013):822-3, 
http://dx.doi.Org/10.1136/bmj.l.6013.822. 

32. Parsons TL, Toffelmire EB, King- Van Vlack CE. The effect of an exercise 
program during hemodialysis on dialysis efficacy, blood pressure and 
quality of life in end-stage renal disease (ESRD) patients. Clin Nephrol. 
2004;61(4):261-74. 

33. Parfrey P. Anaemia in chronic renal disease: lessons learned since Seville 
1994. Nephrol Dial Transplant. 2001;16(Suppl 7):41-5, http://dx.doi.org/ 
10.1093/ndt/16.suppl_7.41. 

34. Guyatt GH, Sullivan MJ, Thompson PJ, Fallen EL, Pugsley SO, Taylor 
DW, et al. The 6-minute walk: a new measure of exercise capacity in 
patients with chronic heart failure. Can Med Assoc J. 1985;132(8):919-23. 



CLINICS 2012;67(6):581-586 



35. Moreira PR, Plentz R, Aguirre M, Barros E. Avaliagao da capacidade 
aerobia de pacientes em hemodialise. Rev Bras Med Esport. 1997;3(l):l-5. 

36. Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray DC, Barre PE. The 
impact of anemia on cardiomyopathy, morbidity, and and mortality in 
end-stage renal disease. Am J Kidney Dis. 1996;28(1):53-61, http:// 
dx.doi.org/10.1016/S0272-6386(96)90130-4. 

37. Levin A, Thompson CR, Ethier J, Carlisle EJ, Tobe S, Mendelssohn D, 
et al. Left ventricular mass index increase in early renal disease: impact 
of decline in hemoglobin. Am J Kidney Dis. 1999;34(l):125-34, http:// 
dx.doi.org/10.1016/S0272-6386(99)70118-6. 

38. Abensur H. Anemia da doen^a renal cronica. Diretrizes Brasileiras de 
Doen(;a Renal Cronica. J Bras Nefrol. 2004;26(Supl l):26-8. 

39. Rostagno C, Olivo G, Comeglio M, Boddi V, Banchelli M, Galanti G, et al. 
Prognostic value of 6-mLnute walk corridor test in patients with mild to 
moderate heart failure: comparison with other methods of functional 
evaluation. Eur J Heart Fail. 2003;5(3):247-52, http://dx.doi.org/10.1016/ 
S1388-9842(02)00244-l. 

40. Jehn M, Schmidt- Trucksaess A, Schuster T, Hanssen H, Weis M, Halle M, 
et al. Accelerometer-based quantification of 6-minute walk test perfor- 
mance in patients with chronic heart failure: applicability in telemedi- 
cine. J Card Fail. 2009;15(4):334-40, http://dx.doi.org/10.1016/ 
j.cardfail.2008.11.011. 

41. Mercer TH, Naish PF, Gleeson NP, Wilcock JE, Crawford C. 
Development of a walking test for the assessment of functional capacity 
in non-anaemic maintenance dialysis patients. Nephrol Dial Transplant. 
1998;13(8):2023-6, http://dx.doi.Org/10.1093/ndt/13.8.2023. 



586 



